Abstract. The problem of two-dimension coherent direction of arrival (DOA) for uniform planar array is investigated in this paper. The signals propagate over multipath channel, which thus leads to the coherent source. The traditional two-dimension direction of arrival (2D-DOA) estimation algorithm fails to work for the coherent source. In this paper, we will propose a coherent DOA estimation algorithm for uniform planar array, which uses the characteristic of Toeplitz matrix to restructure the covariance matrix, and use rotational invariance technique to realize the 2D-DOA estimation. The validity and performance of the algorithm can be verified by simulations in this paper.
Introduction
Direction-of-arrival (DOA) estimation is a fundamental problem in array signal processing and has been widely used in many fields, such as sonar, radar, wireless communication [1] [2] [3] . In recent years, with the rise of two-dimensional (2D) parameter estimation, the research and application of 2D-DOA estimation have won great attention in array signal processing [4] [5] [6] [7] [8] [9] [10] [11] . This problem is usually considered with rectangular array, two parallel uniform linear array, and L-shape array, etc. Also, many algorithms have been applied to 2D-DOA estimation, which include 2D Multiple Signal Classification (MUSIC) algorithm [4] , 2D Estimation of Signal Parameters via Rotational Invariance Technique (ESPRIT) algorithm [5] [6] , 2D Propagator Method (PM) algorithm [7] [8] , maximum likelihood method [9] , Parallel Factor (PARAFAC) algorithm [10] and high order cumulant method [11] , etc.
However, under the influence of environment, the signal emitted by the source, will propagate through multipath, thus leading to the coherent signal sources. The traditional DOA estimation methods assume that the signals are independent statistically, but we should consider the rank loss of the covariance matrix of the coherent sources. If using the traditional method, we will directly obtain inaccurate or even error angles. Therefore, it is valuable to study the effective coherent signal processing algorithm. The focus of DOA estimation of coherent signals is how to restore the rank of the covariance matrix, which called decoherence, and then use the conventional method to estimate DOA. The pretreatment of decoherence can be divided into two categories: spatial smoothing algorithm [12] and time smoothing algorithm [13] . The essence of spatial smoothing algorithm is to recover matrix rank, but the dimension of the matrix is less than the revised dimension of the original matrix. That is to say, the spatial smoothing algorithm is used by reducing the degree of freedom.
In this paper, a new algorithm of 2D-DOA estimation for the coherent sources is proposed in the uniform planar array. The algorithm reconstructs a special antenna array model based on the Toeplitz-like matrix whose rank is only related to the DOA of signals and cannot be affected by the coherency between them [14] . Furthermore, the ESPRIT algorithm will be used to estimate the 2D-DOA. This paper consists of 5 sections: the first section is introduction; the second section analyzes the signal model; the third section proposes an ESPRIT algorithm via reconstructing Toeplitz-like matrix; the fourth section conducts simulation; and the last section is the conclusion. Fig.1 The structure of uniform planar array [1] Signal Model Fig.1 shows a uniform planar array which has (21)(21) MN +×+ sensors, and the space between adjacent elements is d . Allowing for the far field signal with distant source, the signal arriving at the array can be considered as parallel wave. Suppose that the noise and signal are mutually independent and it is an addictive independently and identically distributed Gaussian process. Assume that there are K signal sources, where the first Q signals are mutually coherent and others are uncorrelated and independent of the first Q signals, and the elevation angle and azimuth angle of ith source are i θ and i φ .
The received signal of the (,) mn element can be expressed as 
is the source vector, ( ) σ is noise power.
An ESPRIT Algorithm via Reconstructing Toeplitz-like Matrix
We can construct Toeplitz-like matrix (,00)(,01)(,0)(,10)(,1)(,) (,01)(,00)(,0(1))(,11)(,1(1))(,(1)) (,0)(,0(1))(,00)(,1)(,10)(,0) () (,10)( We can conduct eigen-value decomposition of () mn R , and get the signal subspace s E . Then there must be a unique, non-singular and full rank matrix
, which makes the Eq.(6) set up. 
Simulation results
Define the root mean squared error (RMSE) as where T is simulation times, km ω represents the estimation value of the kth source elevation (or azimuth) in the mth simulation, K is the number of coherent signal sources, and k ω is the accurate value of the kth source elevation (or azimuth). In the following simulations, we define K is the source number, L is the number of snapshots, and (21)(21) MN +×+ is the number of array elements. To ensure the commonality, we set 3 N = . . From the figure we can see that this algorithm estimate the elevation and azimuth effectively. Fig. 3 presents the angle estimation performance with different snapshots. As the snapshots increase, the sample data augments so that the covariance matrix becomes more accurate and the DOA estimation performance improves. Fig.4 presents the angle estimation performance with different numbers of array elements. From Fig.4 , we can find that the DOA estimation performance is improved with the increase in the number of the elements. Fig. 5 investigates angle estimation performance with different signal source quantities. We see from the Fig. 5 that the DOA estimation performance decreases as the signal sources increase.
Conclusions
The paper has presented the problem of two-dimension coherent DOA estimation for uniform planar array, and proposed the 2D coherent DOA via Toeplitz matrix and ESPRIT algorithm. The proposed algorithm reconstructs the Toeplitz matrix to eliminate the coherence, and use ESPRIT algorithm for 2D-DOA estimation. The proposed algorithm can obtain automatically paired 2D-DOA estimate, and it has a low computational complexity.
